This paper estimates the welfare effects of Brexit, focusing on trade and fiscal transfers. We Organization rules (a "hard Brexit"). A reduced form approach that captures the dynamic effects of Brexit on productivity more than triples these losses and implies a decline in average income per capita of between 6.3% and 9.4%, partly via falls in foreign investment. These negative effects are widely shared across the entire income distribution and are unlikely to be offset from new trade deals.
Introduction
On June 23 rd 2016 the United Kingdom (UK) voted to leave the European Union (EU), a club it had been a member of since 1973. Prime Minister David Cameron resigned the next morning and was replaced by Theresa May. The vote sent shock waves around the world. Sterling fell immediately and by the end of the year its dollar value was around 17% lower than on the night before the referendum. On March 29 th 2017 the UK formally notified the EU of its intention to withdraw from the union under Article 50 of the Lisbon Treaty, triggering the start of a two year window for the UK to negotiate the terms of its divorce with the EU.
The debate over the UK's membership of the EU raised a number of political questions. Supporters of Brexit argued that leaving would give the UK greater freedom to determine its own policies to reflect the UK's national interests. Opponents of Brexit stressed the contribution the EU has made to ensuring peace within Europe and argued that being part of the EU magnified the UK's influence on the world stage. These are important issues, but they are not the subject of this paper. Instead, we focus on understanding the economic costs and benefits of Brexit, in particular those resulting from changes in trade.
To estimate these economic costs and benefits of Brexit, we take a medium to long-run perspective and abstract away from the effects of increased uncertainty and the transition to a new equilibrium. Hence, we do not build a dynamic macro-econometric model that includes these effects, 1 but focus on quantifying the key channels through which the UK leaving the EU may affect income and consumption ten years or more after Brexit is expected to occur in 2019.
Since it is difficult to know what the exact form of a post-Brexit deal between the UK and the EU will be, we consider several possible counterfactual scenarios. The two main ones we analyse are an optimistic "soft Brexit" and a more pessimistic "hard Brexit". A soft Brexit is where the UK continues to be a member of the EU Single Market like other non-EU members of the European Economic Area (EEA), such as Norway. A hard Brexit is where the UK trades only under World Trade Organization (WTO) rules like the United States (US) or Japan. A soft Brexit would lead to smaller increases in trade barriers between the UK and the EU than a hard Brexit, but would also require the UK to continue making fiscal contributions to the EU budget. In January 2017
Prime Minister Theresa May announced that the UK's goal in its negotiations with the EU would be to leave the Single Market while still maintaining free trade with the EU to the greatest extent possible (May, 2017) , thus making a hard Brexit appear more likely than a soft Brexit. The key political constraint preventing a soft Brexit is that Single Market membership requires allowing free movement of people with the EU, which the UK government opposes.
Our methodology is based on Costinot and Rodríguez-Clare (2014) . We set up a general equilibrium trade model which covers 31 sectors and aggregates the world into 35 regions. We model the effects of alternative post-Brexit scenarios by simulating changes in trade costs and calculating how each scenario affects welfare as measured by real consumption per capita. The welfare loss from Brexit is obtained by comparing welfare when the UK remains a member of the EU with welfare following Brexit. We find that increases in bilateral tariffs and non-tariff barriers (NTBs) between the UK and the EU and the exclusion of the UK from future EU integration leads to a fall in UK welfare even after accounting for the savings the UK makes from lower fiscal transfers to the EU. The estimated welfare losses range from −1.3% in the optimistic soft Brexit scenario to −2.7% in the pessimistic hard Brexit scenario. We carry out a large number of robustness checks based on alternative assumptions regarding the post-Brexit EU-UK trade deal. In all cases Brexit reduces the welfare of the average citizen.
The UK is not the only loser from Brexit. Within the EU, countries that trade intensively with the UK are most affected. For example, in the pessimistic scenario Ireland's welfare declines by 2.4%. Nevertheless, the costs to the UK are much larger than those for the rest of the EU, implying the UK has the most to lose from Brexit. Countries outside the EU tend to experience a very small welfare gain, mostly due to a trade diversion effect. As a whole, however, the world beyond Britain's shores is poorer after Brexit.
In our quantitative model, trade liberalisation tends to increase welfare because it allows countries to specialise in their areas of comparative advantage and reduces the costs of goods, services and intermediate inputs (Eaton and Kortum, 2002) . Our baseline calculations, however, leave out many factors that could lead to further productivity and welfare losses following Brexit. For example, reductions in the variety of goods and services (Krugman, 1980) , weaker competition (Melitz, 2003) , the erosion of vertical production chains (Melitz and Redding, 2014) , falls in foreign direct investment (FDI) (Wacziarg, 1998) , slower technology diffusion (Sampson, 2016; Wacziarg, 1998) , less learning from exports (Albornoz, Calvo Pardo, Corcos, and Ornelas, 2012; Egger, Larch, Staub, and Winkelmann, 2011) or lower Research and Development (Bloom, Draca, and Van Reenen, 2015; Keller, 1999 Keller, , 2002 ).
An alternative way to evaluate the impact of Brexit and take into account some of these addi-3 tional effects of trade integration (which we label "dynamic effects") is to use the results of reduced form empirical studies of the effects of EU membership on trade. Baier, Bergstrand, Egger, and McLaughlin (2008) find that, after controlling for other determinants of bilateral trade, EU members trade substantially more with other EU countries than they do with members of the European Free Trade Association (EFTA). Their estimates imply that, if the UK leaves the EU and joins EFTA, its trade with countries in the EU would fall by about a quarter. Combining this with the estimates from Feyrer (2009) implies that leaving the EU (and joining EFTA) would reduce UK income per capita by between 6.3% and 9.4%. These estimates are much higher than the costs obtained from the static analysis, implying that dynamic effects from trade are important. We show evidence that lower FDI in the UK following Brexit is likely to account for part of this difference.
Our main analysis focuses on aggregate outcomes, but we also discuss the possible distributional effects of Brexit through immigration, price changes that differentially affect the consumption baskets of rich and poor households, and relative wage effects. We conclude that the pain of Brexit is likely to be shared quite democratically across the income distribution.
The structure of the paper is as follows. We first discuss the options for UK-EU trade relations after Brexit in section 2. We lay out the conceptual framework we use to model the welfare effects of Brexit in section 3, present the data and counterfactual analysis in Section 4 and undertake robustness checks in section 5. Section 6 presents our reduced form estimates and section 7 discusses distributional effects. Finally, section 8 offers some concluding comments.
Options for UK-EU Trade Relations After Brexit
It is highly uncertain what Brexit will end up meaning for the terms under which the UK trades with the EU. review the alternatives facing the UK and the EU. Broadly speaking there are three types of relationship to choose from. The UK could remain part of the Single Market like Norway; the UK could negotiate bilateral agreements with the EU as Switzerland and Canada have done; or the UK and the EU could trade under World Trade Organisation terms.
In this section we describe how each of these options would affect trade barriers between the UK and the EU. As will become clear, the key trade-off the UK will face after Brexit is the same trade-off it faced within the EU. There are economic benefits from integration, but obtaining these benefits comes at the political cost of giving up control over some areas of policy. Inside or outside the EU, this trade-off is inescapable.
Soft Brexit: Single Market Membership and the Norway Option
The European Economic Area was established in 1994 to give countries that are not part of the EU a way to join the Single Market. The EEA comprises all members of the EU together with three non-EU countries: Iceland, Liechtenstein and Norway. There is free movement of goods, services, people and capital within the EEA and, since EEA members belong to the Single Market, they must abide by the EU's economic rules including legislation regarding employment, consumer protection, product standards, environmental and competition policy.
Joining the EEA would allow the UK to remain part of the Single Market while not participating in other forms of European integration. EEA membership does not oblige countries to participate in the monetary union, the EU's common foreign and security policy or the EU's justice and home affairs policies. EEA members also do not participate in the Common Agricultural Policy. EEA members effectively pay a fee to be part of the Single Market. They do this by contributing to the EU's regional development funds and contributing to the costs of the EU programmes in which they participate. In 2011, Norway's contribution to the EU budget was £106 per capita, only 17% lower than the UK's net contribution of £128 per capita (House of Commons, 2013) .
If the UK joins the EEA, UK-EU goods trade would continue to be tariff free and there would be no new barriers to services trade between the UK and the EU. In particular, UK financial institutions would retain the passporting rights (see subsection 5.5 below) that allow them to provide services throughout the EEA. Non-tariff barriers between the UK and the EU would also remain low because the UK would continue to follow the EU's economic rules and policies. There would be some new non-tariff barriers on UK-EU trade. EEA members are not part of the EU's Customs Union, which means they can set their own external tariff and conduct their own trade negotiations with non-EU countries. But the downside to being outside the Customs Union is that exports from EEA members to the EU must satisfy rules of origin requirements to enter the EU tariff free. This increases the cost of trade, especially in industries with complex global supply chains such as the automotive industry. The EU can also use anti-dumping measures to restrict imports from EEA countries, as occurred in 2006 when the EU imposed a 16% tariff on imports of Norwegian salmon. Campos, Coricelli, and Moretti (2015) find that Norway's failure to join the EU's Customs Union and undertake the deeper integration pursued by EU countries has lowered Norway's productivity.
Staying in the Single Market after Brexit is the option that would lead to the smallest increase 5 in UK-EU trade costs and our analysis below shows it is the least bad option for the UK economy.
However, the UK government views EEA membership as having important drawbacks because it would not allow the UK to place restrictions on immigration from the EU and would mean the UK having to accept and implement EU economic legislation governing the Single Market without having any part in deciding the legislation ("Pay with no Say"). Currently, the UK government has announced it plans to leave the Single Market following Brexit.
Bilateral Trade Agreements
The second alternative is for the UK and the EU to negotiate a bespoke economic integration agreement. There are many forms such an agreement could take offering different degrees of economic integration. A basic free trade agreement (FTA) would remove almost all tariffs on goods trade, but would not provide for free movement of people or free trade in services between the UK and the EU. It would also lead to higher non-tariff barriers to UK-EU goods trade due to the introduction of border measures such as customs procedures and rules of origin requirements and the emergence of "behind-the-border" trade costs as UK and EU economic regulations diverged over time.
Most recent FTAs such as the Canada-EU FTA go beyond simply removing tariffs and also include provisions to increase market access in services and reduce non-tariff barriers. However, a FTA would not provide the same level of market access as membership of the Single Market. For example, no country that is not a member of the EEA has passporting rights for financial services or the same degree of regulatory harmonisation with the EU as exists within the Single Market.
The UK government has signalled it plans to seek a FTA with the EU following Brexit, but as yet there is little clarity about what any agreement may cover.
Switzerland has a closer economic relationship with the EU than any other country outside the EEA. This relationship is based upon a series of bilateral treaties governing Swiss-EU relations. Usually, each treaty provides for Switzerland to participate in a particular EU policy or programme. For example, among many others, there are treaties covering insurance, air traffic, pensions and fraud prevention. Switzerland has achieved a similar level of goods market integration with the EU as EEA countries and there is free movement of people between Switzerland and the EU, but Switzerland and the EU have not reached a comprehensive agreement covering trade in services. Consequently, Switzerland is not part of the Single Market for services and Swiss financial institutions often serve the EU market through subsidiaries based in London.
The bilateral treaty approach allows Switzerland the flexibility to choose the EU initiatives in which it wishes to participate, but does not allow Switzerland to influence the design of EU programmes. When Switzerland opts in to an EU programme it is required to implement policies and legislation set by the EU. Like the EEA countries, Switzerland makes a financial contribution to the EU to cover regional funding and the costs of the programmes in which it participates.
Switzerland's contribution in recent years has averaged around £53 per capita, 60% lower than the UK's net contribution per capita (House of Commons, 2013) .
Instead of negotiating a FTA with the EU, the UK could seek to remain part of the EU's Customs Union ensuring there would be no tariffs or other border costs on UK-EU goods trade.
However, Customs Union membership would not guarantee market access for services trade or low behind-the-border non-tariff barriers since it would not prevent regulatory divergence. As a member of the Customs Union, the UK would also be subject to the EU's common trade policy, meaning it would not be able to negotiate its own FTAs with non-EU countries or set its own tariff rates.
Hard Brexit: WTO Terms
If the UK leaves the EU without reaching a new agreement with the EU then its trade with the EU and almost all the rest of the world would be governed by the WTO. Under WTO rules, each member must grant the same Most Favoured Nation (MFN) market access, including charging the same tariffs, to all other WTO members. The only exceptions to this principle are that countries can choose to enter into free trade agreements such as the EU Customs Union or NAFTA and can give preferential market access to developing countries.
As a WTO member, the UK's exports to the EU and other WTO members would be subject to the importing countries' MFN tariffs. This would raise the cost of trade between the UK and the EU. Non-tariff barriers between the UK and the EU would also increase as WTO rules provide for shallower integration than Single Market membership or a FTA. The UK's services trade would also be subject to WTO rules. Since the WTO has made far less progress than the EU in liberalising trade in services, this would mean reduced access to EU markets for UK service producers.
The WTO has no provisions for free movement of labour, so free labour mobility between the UK and the EU would cease. The pay-off for the lack of economic integration would be greater political sovereignty. Being outside the Single Market and not constrained by any bilateral agreement with the EU would enable the UK government to set economic policy and regulatory standards without taking account of the preferences of other EU members. However, any divergence in regulation 7 between the UK and the EU would increase non-tariff barriers to UK-EU trade.
Reverting to WTO trade relations is the alternative that would lead to the largest increase in trade costs between the UK and the EU. The UK government hopes to avoid this alternative, but has refused to rule out the possibility of trading with the EU on WTO terms if it is unable to achieve its objectives in negotiations over a new trade agreement with the EU.
Conceptual Framework
To estimate the effect of Brexit on the UK's trade and living standards, we use a modern quantitative trade model of the global economy (Ottaviano, 2014) . Quantitative trade models incorporate the channels through which trade affects consumers, firms and workers, and provide a mapping from trade data to welfare. The model provides numbers for how much real incomes change under different trade policies, using readily available data on trade volumes and potential trade barriers.
It allows for trade in both intermediate inputs and final output in both goods and services. The model takes into account the effects of Brexit on the UK's trade with the EU and the UK's trade with the rest of the world.
We build on Arkolakis, Costinot, and Rodriguez-Clare (2012) and Costinot and Rodríguez-Clare (2014) , who show that some of the most popular models used by trade economists fall in a specific class sharing the same predicted 'gains from trade' (defined as welfare with trade relative to welfare with autarky), conditional on the changes in two aggregate statistics: the observed share of trade in domestic expenditure and an estimate of the 'trade elasticity' (i.e. the elasticity of exports with respect to trade costs). 2 These models have four primitive assumptions in common:
(a) Dixit-Stiglitz preferences; (b) one factor of production; (c) linear cost functions; (d) perfect or monopolistic competition. They also share three common macro-level restrictions: (A) trade is balanced; (B) aggregate profits are a constant share of aggregate revenues; and (C) the import demand system exhibits constant elasticity of substitution (CES). While this set of assumptions may look extremely restrictive, they are satisfied by several standard trade models including the workhorse 'Computable General Equilibrium' model by Armington (1969) , the hallmark 'new trade theory' model by Krugman (1980) , the quantitative Ricardian model by Eaton and Kortum (2002) and several variations of the heterogeneous firms model by Melitz (2003) . Further, it is possible to relax some of the assumptions of the baseline model, for example by allowing for multiple factors of production such as skilled and unskilled labour.
We use some simple relationships from this class of models to calculate what happens to income (and therefore consumption and welfare) when trade costs change. Essentially, we use information on current trade patterns and feed in different counterfactual scenarios about changes in trade costs after Brexit. Taking the estimates of the trade elasticity from the literature we can then figure out how trade patterns and income will change, depending on the degree to which trade costs rise.
The idea of using mathematical or statistical models to simulate the effects of counterfactual scenarios has a long tradition (Baldwin and Venables, 1995) . In particular, Computable General Equilibrium models such as the one we develop in this paper remain a cornerstone of trade policy evaluation (Piermartini and Teh, 2005) , having also contributed to the design of advanced software for their numerical solution such as GAMS or GEMPACK (Harrison, Horridge, Pearson, and Wittwer, 2004) . Compared to older Computable General Equilibrium trade models, the class of models we rely on contribute a tighter connection between theory and data thanks to more appealing micro-theoretical foundations and careful estimation of the structural parameters necessary for counterfactual analysis (Costinot and Rodríguez-Clare, 2014) .
In what follows, we first explain the basic logic of our methodological approach through a simplified model. We then describe the additional elements of the richer model we actually use for simulation.
The Eaton-Kortum Model
For parsimony, we discuss only the main features of the model underlying our estimates. This is the most technical section of our paper, so readers who are more interested in the substantive results can skip to section 4. Additional details on the models and their empirical implementation can be found in Costinot and Rodríguez-Clare (2014) .
Our simulations will be based on an extended version of the quantitative model of Eaton and Kortum (2002) , as presented by Costinot and Rodríguez-Clare (2014) , featuring multiple sectors and tradable intermediate inputs. Markets are assumed to be perfectly competitive and international trade is driven by cost differences across countries mediated by geographical distance and trade barriers. We make the conservative choice of focusing on the case of perfect competition, which provides a lower bound to the welfare effects of changes in trade barriers in models based on Costinot 9 and Rodríguez-Clare (2014). 3
How It Works
To explain the logic of our model we use a simplified one-sector version with only final goods and no tariff revenues. Consider n countries, indexed by j = 1, ..., n, trading with one another.
In country j there are L j identical households, each supplying one unit of labour inelastically at salary w j . The level of welfare of the representative household in country j is measured in terms of real consumption c j , defined as household expenditure e j divided by the country's price index P j :
The price index is computed over a basket of goods that may be produced domestically or imported from other countries. The weight of each country in country j's basket of goods depends on how costeffective this country is as a producer relative to other countries, and how accessible this country is in terms of geographical proximity and other trade barriers. Specifically, if we use E j = e j L j to denote country j's aggregate expenditures and X ij its expenditures on goods produced by country i, the share of aggregate expenditures going to these goods is given by 
i.e. a log-linear relation explaining exports from i to j in terms of characteristics of the exporter As all markets are assumed to be perfectly competitive, there are no profits so that expenditures coincide with labour income: e j = w j and E j = w j L j . Moreover, all goods are priced at the marginal cost of delivering one unit to the destination. The price index in country j is determined by the (geometric) average of the delivered prices of all goods as
where γ is a constant. The equilibrium of the model is determined by the aggregate budget constraints of the n countries, which ensure that bilateral trade is balanced for all country pairs or, equivalently, that a country's income is equal to what all countries (including itself) spend on the goods it produces:
Using the gravity equation (1) and E j = w j L j to substitute for X ji and E j respectively, we then have:
for each country j = 1, .., n. This defines a system of n non-linear equations in the n unknown wages. This non-linearity is due to the fact that Φ ji , and thus Φ i , are non-linear functions of wages and means that an analytical solution is not possible. 4 Hence, we solve for equilibrium wages using numerical methods and then finally compute real consumption per household
This is our welfare measure and, given that labour is the only source of income, it coincides with real income per household. In equilibrium, this will be higher in countries with a better state of technology and better connections to other countries with a good state of technology. It is decreasing in the trade elasticity as the gravity equation (1) implies that larger θ amplifies the reduction in trade flows associated with higher wages and higher trade obstacles.
Calibration and Simulation
By fitting the model to observed patterns in the data, its fundamental parameters can be structurally estimated ('calibrated'). This fit will be conditional on the actual matrix of bilateral trade The single-sector model with no intermediates and no tariff revenues has been useful to explain the mechanics of our methodology. To make the ensuing analysis more realistic, we will simulate an extended version featuring multiple sectors, intermediates and revenue generating ad-valorem tariff barriers. In this extension, each sector employs not only labour but also its own and other sectors' 
where λ jj,s = X jj,s /E js is the share of country j's expenditures in sector s going to domestically supplied goods, π j and π j are the shares of tariff revenue in country j's aggregate expenditures in the two scenarios, β j,s is sector s's share of household expenditures (with 0 < β j,s < 1 and S s=0 β j,s = 1), a j,sk is the elasticity of the price index in sector s with respect to changes in the price of sector k. The price elasticities are given by the elements of the S × S Leontief inverse matrix (I − A j ) −1 where A j is the matrix with typical element α j,sk (with 0 < α j,sk < 1) denoting the share of sector k's output in sector s's expenditure on intermediates.
Brexit and Welfare
To estimate the welfare effects of Brexit we want to take into account not only its instantaneous effects, but also how Brexit will affect future consumption levels as trade costs change over time.
This forward-looking perspective introduces two additional layers of complexity. First, we need to evaluate the present value of future real consumption flows. To do so, as in Caliendo, Dvorkin, and
Parro (2015) we assume that the representative household in country j has an infinite horizon with time discount factor ρ ∈ (0, 1), and constant unit elasticity of intertemporal substitution so that its intertemporal welfare can be expressed as 
where c In j,t = c In j,t /c j,0 and c Out j,t = c Out j,t (1 + g j )/c j,0 are the changes in real consumption in period t compared to period 0 for country j if the UK remains and after the UK leaves, respectively. To account for changes in fiscal transfers between the UK and the EU, the real consumption in the case of Out is multiplied by 1 + g j where g j is the percentage change in the net fiscal transfer received by country j after Brexit. For example, if the UK made a lower transfer to the EU after Brexit, g j would be positive for the UK while for the remaining EU countries it would be negative since they would need to fill the budget hole left by the lower UK contribution.
Model Summary and Intuition
Although our apparatus can appear complex at first sight, at heart it is very simple. Consider equation (2) as the central relationship we exploit to figure out the implications of Brexit. For each country we want to measure real labour income changes w j /P j = (w j /P j )/(w j /P j ) as trade barriers rise after Brexit. We will have different scenarios (i.e. an optimistic soft Brexit and a 13 pessimistic hard Brexit) associated with different changes in trade barriers
We also have data on the initial labour income w j and expenditure shares λ jj,s of each country, and estimates of the trade elasticity θ from the literature on gravity equations. So basically we find the pattern of income changes that are consistent with the new set of bilateral trade barriers given the initial levels of trade and how sensitive these patterns are to price changes.
We can also think of this from a single country's perspective. When trade barriers rise, revenues from exports fall as other countries buy less exports. To maintain trade balance, imports will also have to fall. Both of these will decrease labour income (and this will have knock-on effects to other countries even if trade barriers have not changed for these countries). In equilibrium trade must balance so all of the trade and income changes must be consistent with each other for every country.
Brexit Estimates from the Static Trade Model
In this section we use the quantitative trade model discussed above to estimate the welfare costs of Brexit in our optimistic and pessimistic scenarios. We start by describing the data we use to calibrate the model, then explain our assumptions regarding how trade costs change in each scenario before reporting our quantitative results.
Data
To calibrate the model we use the World Input-Output Database (WIOD) for 2011. 6 This database aggregates the world into 40 countries and covers 35 sectors which we further aggregate into 35 regions and 31 sectors as in Costinot and Rodríguez-Clare (2014) . Table 1 We also use data on the EU's applied MFN tariffs at the product level from the WTO. 7 Combining the tariff data with United Nations (UN) Comtrade data on trade flows allows us to calculate average MFN tariffs at the WIOD sector level for UK imports and exports with the EU using product level import and export values as weights. 8 The resulting average MFN tariffs on UK trade with the EU are shown in columns (4) and (7) in Table 1 .
Finally, for trade elasticities which govern the responsiveness of trade flow to trade costs, we use the estimates by Caliendo and Parro (2015) in which they explore tariff variations to estimate trade elasticities for various goods sectors. As for the service sectors, the trade elasticities are set to be 5, the median value in the literature, following Costinot and Rodríguez-Clare (2014) . These are listed in Table A .3.
Counterfactual Scenarios
This section describes the assumptions we make regarding changes in trade costs in our optimistic soft Brexit scenario and pessimistic hard Brexit scenario. We aim to quantify the consequences of three distinct types of trade costs: (i) immediate changes in goods tariffs; (ii) immediate changes in non-tariff barriers on goods and services; and (iii) the exclusion of the UK from future market integration within the EU.
We consider two different scenarios. In the pessimistic hard Brexit case we assume the UK leaves the Single Market and trades with the EU under WTO terms. In this case, we assume the UK will apply the MFN tariffs on goods imported from the EU shown in column (4) of Table 1, while the EU will apply the tariffs given in column (7) on its imports from the UK. In our optimistic soft Brexit scenario the UK remains part of the Single Market and there are no tariffs on goods trade between the UK and the EU.
Non-tariff barriers are related to costs of shipment, differences in product regulations, legal barriers, search and other transaction costs for both goods and services (see Anderson and van Wincoop, 2004; Head and Mayer, 2013) . Many authors point out that such costs are higher than formal tariffs (Novy, 2013; LooiKee, Nicita, and Olarreaga, 2009 ). In fact, the primary focus of most recent trade negotiations, such as the Canada-EU free trade agreement, has been on reducing non-tariff barriers.
To incorporate non-tariff barriers we use information provided by Berden, Francois, Tamminen, Thelle, and Wymenga (2009, 2013) . The authors calculate detailed tariff equivalents of non-tariff barriers between the US and the EU, using econometric techniques and business surveys. They also calculate the fraction of these non-tariff barriers that is reducible for each sector, i.e. the fraction of the trade cost that could in principle be eliminated by policy action. We collect information on sectors that can be easily matched to our classification shown in Table 1 . The sectors used, their non-tariff barriers (in tariff equivalent terms) and the share of the costs that can be reduced are shown in Table 2 .
As it is unlikely the UK will face the same non-tariff barriers as the US following Brexit, in our optimistic scenario we assume the UK faces one-quarter (1/4) of the reducible non-tariff barriers faced by the US, while in our pessimistic scenario we assume UK-EU trade is subject to threequarters (3/4) of the reducible non-tariff barriers. To implement these assumptions, we calculate the weighted average of the sectoral reducible non-tariff barriers using total UK-EU trade in each sector as weights and the subset of sectors shown in Table 2 , which cover 71% of total UK-EU trade. This calculation leads to an increase in non-tariff costs of 2.77% and 8.31% in our optimistic and pessimistic scenarios, respectively. In our counterfactual simulations we apply these increases uniformly to UK-EU trade in all sectors of the economy.
Our counterfactuals also account for the observation that intra-EU trade costs are falling over time (Ilzkovitz, Dierx, Kovacs, and Sousa, 2007) . The rate of decline in intra-EU trade costs is approximately 40% faster than trade costs between other OECD countries according to Méjean and Schwellnus (2009) , who use panel data on French firms to study price convergence in different markets between 1995 and 2004. 9 To capture the consequences of this observation, we assume that following Brexit intra-EU trade costs will continue to decline, but UK-EU trade costs will not. In our pessimistic scenario we assume that intra-EU non-tariff barriers continue to fall 40% faster than in the rest of the world. This may not necessarily be the case since the OECD does not include countries like China, which has seen a rapid decrease in trade costs with other countries. Hence, in our optimistic scenario we assume that intra-EU barriers fall only 20% faster than in the rest of the world.
To implement these assumptions we need a measure of price differences across the EU. We use a rough measure of 49% taken from Eaton and Kortum (2002) , 10 meaning that if the UK imported traded all goods with other European countries, prices would be 49% higher. Naturally, part of this price difference may not be reducible. We assume that the reducible proportion is 54%, which is the average share of non-tariff barriers that are reducible in the EU-US trade case, as reported in Table 2 . To be conservative, in our pessimistic case we further assume that only three-quarters of the potentially reducible share will actually diminish over time, while in the optimistic case we assume that the share is one-half. Finally, to be even more conservative, we assume that the faster intra-EU market integration will only last for 10 years after Brexit. These assumptions collectively imply that future declines in intra-EU trade costs will reduce non-tariff barriers within EU 10 years after Brexit by 12.65% and 5.63% in our pessimistic and optimistic scenarios, respectively. 11
Finally, to incorporate the fiscal effects, we need to know the fiscal savings for each country under different scenarios. HM Treasury (2013) estimates that the net fiscal contribution of the UK to the EU is around 0.53% (or £8.6 billion) of UK GDP in 2013. We assume that if the UK stays in the Single Market it would keep contributing 83% of its current per capita payments to the EU, as Norway presently does (House of Commons, 2013) . This leads to a fiscal saving of about 0.09% of GDP in the optimistic scenario. We also assume that the remaining EU countries need to fill this budget hole and that costs are allocated proportionally to each country's GDP. This leads to a fiscal loss of 0.015% of income for other EU countries. In the pessimistic case, we assume that the UK makes a fiscal saving of 0.31%. 12 Filling this budget hole leads to a fiscal loss of 0.051% for the remaining EU countries.
Armed with these numbers, we simulate the model by feeding in the sequence of shocks in trade costs and tariffs under our optimistic and pessimistic scenarios. The model then generates sequences of changes in real consumption. This allows us to compute the welfare effect of Brexit using equation (5). We assume that the discount rate of future consumption is ρ = 0.96, which is a standard value used in the calibration of growth models.
Main Results
Our key results are shown in Table 3 . Panel A shows the result of the optimistic scenario. We find that the welfare loss 13 of the UK in the optimistic case is 1.34%. We also calculate the implied loss 11 Appendix B provides a complete description of how these numbers are calculated. 12 The 0.53% saving does not account for the transfers the EU makes directly to universities, firms and other nongovernmental bodies in the UK. Under the reasonable assumption that post-Brexit the UK government does not cut this funding, the saving is 0.31% according to Eurostat(http://ec.europa.eu/budget/figures/2007-2013/index_ en.cfm).
13 Remember that welfare is measured as the permanent proportional change in the level of consumption in the In scenario that would make the representative household indifferent between the In and Out scenarios (for more details see subsection 3.4).
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per household. In 2015 the UK had a population of about 65 million with 27 million households and a GDP of £1.8 trillion. 1.34% of 1800/27 is a loss of £893 per household. Panel B of Table 3 shows the result of the pessimistic scenario. We see that the cost of withdrawal doubles. The UK loses 2.66% due to higher tariffs, non-tariff barriers and exclusion from future integration of the EU. This is equivalent to £1,773 per household.
To better understand what is behind the welfare numbers in Table 3 , we perform a slightly different exercise. Instead of running a single counterfactual including all the tariff and non-tariff barrier changes, we split each scenario into three parts, each one focusing on a different source of variation in trade costs and excluding changes in fiscal transfers. The results are shown in Table   4 . In both scenarios the greatest welfare losses are due to exclusion from future EU integration:
−0.90% and −1.61% in the optimistic and pessimistic scenarios, respectively. An increase in UK-EU non-tariff barriers also produces considerable welfare losses of −0.53% and −1.31% in the two cases. 14 In the optimistic case there are no tariff barriers to consider, while in the pessimistic case the introduction of tariffs imposes a small welfare reduction of −0.13% on the UK.
We also estimate the effect of Brexit on the welfare of other countries. The results are shown in Figure 1 . 15 In both scenarios the UK experiences the largest welfare losses, but two types of countries other than the UK have relatively greater welfare losses. First, countries for which UK is an important trade partner, such as Ireland, Netherlands, Belgium, Denmark, Sweden, and Germany. These countries source more inputs from the UK, as can be seen in Figure 2 , which shows the average share (across sectors) of inputs sourced from the UK by country. Ireland, for example, experiences the highest welfare loss and has the highest expenditure share of intermediate inputs coming from the UK.
A second group of countries that lose relatively more are those that do not trade much with the UK, but exhibit a negative cross-sectoral correlation between the expenditure share on intermediates sourced from the UK and the trade elasticity. Figure 3 shows this correlation across countries.
Countries such as Hungary, Czech Republic, and Slovakia tend to trade more with the UK in sectors with relatively low trade elasticity. In other words, if trade costs rise with the UK, they cannot easily substitute towards goods from other countries. Thus, they will have a relatively larger welfare loss as the prices they pay will rise even if they trade relatively less with the UK.
Finally, countries outside the EU tend to gain from Brexit, although the numbers are very close 14 If we assume that the post-Brexit NTBs between the UK and the EU would be equal to the full reducible US-EU amount, the welfare loss would be approximately 1.6%.
15 See Table A .1 for more details on how countries are aggregated in the figure. to zero. This is because of trade diversion effects due to the fact that the UK partially switches from trading with the EU to trading with non-EU countries (which in turn benefit from more trade with the UK). This is shown in Table 5 . However, the gain experienced by non-EU countries is much smaller than the loss of the UK and the EU, as evident in Table 6 . And the loss of the UK is more than the total loss of other EU countries, both in percentage terms and absolute terms.
Static Trade Model: Robustness Checks
In this section we assess the sensitivity of our welfare estimates for the UK to alternative assumptions concerning how Brexit will affect trade costs. In all the scenarios we consider Brexit makes the UK worse off, with welfare losses ranging between 1% and 4%. Our findings imply that the average UK household will certainly be poorer after Brexit, the only question is exactly how much poorer they will be.
Switzerland Option
The first alternative scenario we consider is what happens if the UK and EU negotiate a deal similar to the agreements between Switzerland and the EU described in Section 2.2. Such a deal would effectively allow the UK to remain part of the Single Market for goods, but not for services.
Consequently, we assume that the Swiss option implies no tariffs on UK-EU trade and that (current and future) non-tariff barriers in goods increase by the same amount as in the optimistic soft Brexit case, while non-tariff barriers in services increase by the same amount as in the pessimistic hard Brexit case. We also assume the UK's net fiscal contribution to the EU budget declines by 60% reflecting the lower payments made by Switzerland.
The results are shown in Panel A of Table 7 . We find that the Swiss option leads to a welfare loss of 1.44%, slightly higher than the loss in the optimistic scenario. Compared to the Norway option, the benefit of the Swiss option is lower fiscal transfers to the EU, but this is more than offset by the costs of higher non-tariff barriers for services.
Big Bang
Our next alternative is a "Big Bang" scenario with very large increases in trade costs following
Brexit. In this case, we assume MFN tariffs are imposed on UK-EU trade as in the pessimistic scenario. We also assume non-tariff barriers between the UK and the EU would rise to the full 19 reducible level between the US and the EU, implying an immediate increase in non-tariff barriers of 11.08%. Finally, we assume integration within the EU would continue to be 40% faster than in the rest of the world and 100% of the reducible price gaps would be reduced. Such integration happens right during the year of Brexit instead of taking 10 years which we assume for the optimistic and pessimistic cases. It leads to a reduction of non-tariff barriers among EU countries by 15.72%.
These extreme assumptions imply that we are simulating the upper bound of welfare loss for the UK in our model. In this scenario we find that the UK welfare loss is 3.84%.
Unilateral Liberalisation
Supporters of Brexit, such as the group Economists for Brexit, have argued that after leaving the EU the UK should unilaterally liberalise trade by removing all tariffs on its trade with the rest of the world (Economists for Brexit, 2016) . We evaluate the consequences of this policy by simulating the effects of unilateral liberalisation in our optimistic and pessimistic scenarios.
We measure current sectoral tariff levels as the weighted average MFN applied tariff on HS 6-digit level UK imports from non-EU countries. As shown in Table A .2 the average UK MFN import tariff is just below 3%. Feeding these tariffs into our model we find the effect of unilateral liberalisation is very limited as shown in Panel B of Table 7 . In both the optimistic and pessimistic cases unilateral liberalisation increases welfare by around 0.3% compared to our baseline results, implying that the overall welfare effect of Brexit including unilateral liberalisation is a loss of 1.05%
in the optimistic case and 2.34% in the pessimistic case. The relatively small effect of unilateral liberalisation is not surprising given that the UK's import tariffs are already low and that we showed in Table 4 the main costs of Brexit result from higher non-tariff barriers. 16
Discount Rate
In Panel C of Table 7 we report the welfare effects of Brexit under alternative assumptions about the discount rate ρ. So far, we have used a discount rate of 0.96 which implies a real interest rate of 4%. This is a standard calibration value, but currently real interest rates are much lower than this, near zero in many cases. Using a lower real interest rate increases the costs of Brexit, because it gives larger weights to future declines in consumption. For example, using a real interest rate
16 According to our model the optimal unilateral tariff for the UK to impose on imports following Brexit would be around 15% (assuming a uniform tariff across all goods). Combining Brexit with this tariff policy implies UK welfare falls by 0.4% in the optimistic case and 1.8% in the pessimistic case. Thus, the UK still ends up worse off even before we account for retaliatory tariff changes by other countries.
of 1% by setting ρ = 0.99 leads to a welfare loss of 1.47% in the optimistic case and 2.91% in the pessimistic case. Hence, given the current low interest rate environment, the results we present in Table 3 may understate the true costs of Brexit.
Financial Services and Passporting Rights
Another concern is that Brexit could pose special challenges for the financial sector in the UK.
The financial services sector makes up 8% of British GDP, 12% of tax receipts and 45% of the FDI stock (Tyler, 2015) . The Single Market allows a bank based in one member of the EU to set up a branch or provide cross-border financial services in another, while being regulated by authorities in the home country. This 'single passport' to conduct activities in EU member states is important for UK exports of financial services. Passporting means that a UK bank can provide services across the EU from its UK base. It also means that a Swiss or an American bank can do the same from a branch or subsidiary established in the UK.
If the UK leaves the Single Market it will lose passporting rights. Alternatives to passporting rights are likely to be costly and time-consuming, because they would require either setting up subsidiaries within the Single Market or negotiating a regulatory equivalence agreement with the EU under which the EU could grant licenses to UK-based financial institutions to serve the EU market. However, these licenses would probably provide more restricted access to EU markets than passporting rights and could be withdrawn unilaterally by the EU. The UK will also lose the ability to challenge new regulations at the European Court of Justice (ECJ), a right that it successfully exercised when the EU wanted to limit clearing-house activities to the Euro area.
All these changes are likely to raise the cost of UK-EU financial services trade following Brexit, but are inadequately captured by our quantitative trade model. The financial sector also relies heavily on foreign investment which is not included in our model. This suggests the way we model financial services may lead us to underestimate the costs of Brexit. When negotiating post-Brexit trade deals, the UK would not need to compromise with other EU countries as it does now. However, because the UK's GDP is less than one-fifth of the EU Single Market's GDP, it would also have less bargaining power in trade negotiations than the EU currently does.
New Free Trade Agreements with non-EU countries
The key question is whether the UK would be able to obtain better market access to non-EU countries on its own than it would as a member of the EU. In calculating our quantitative estimates we have assumed leaving the EU does not affect trade costs between the UK and the rest of the world. However, if Brexit leads to a deterioration in the UK's access to non-EU markets then our estimates will understate the costs of Brexit. By contrast, if the UK is able to strike better trade deals than the EU then we are over-estimating the costs of Brexit.
Given the reduction in the UK's negotiating power post Brexit, our sense is that the UK's preferential access to non-EU markets is likely to be worse rather than better after it leaves the EU. In any case, since the EU is by far the UK's largest trade partner, it is highly unlikely any positive effects could be large enough to offset the welfare losses we estimate will result from higher trade costs with the EU.
Dynamic Brexit Effects

Dynamic Effects of Trade
In our static quantitative analysis we assume each country's underlying technological capability in each sector H is is exogenous and remains constant over time. However, by increasing competition, raising R&D and facilitating the diffusion of ideas within and across countries trade integration can also lead to improvements in technology that raise the gains from trade (Buera and Oberfield, 2016; Desmet, Nagy, and Rossi-Hansberg, 2016; Perla, Tonetti, and Waugh, 2015; Sampson, 2016) . For example, Sampson (2016) shows that in a dynamic version of the Melitz (2003) model lower trade costs increase the long-run growth rate generating dynamic welfare gains that roughly triple the gains from trade compared to conventional static estimates. Bloom, Romer, Terry, and Van Reenen (2014) also find that dynamic effects may double or triple the gains from trade.
The dynamic gains from trade are less well understood than the static gains captured by our model. More empirical work is needed to establish the relative importance of the different channels studied in the theoretical literature and to allow for the development of a workhorse quantitative trade model that incorporates dynamic technology effects. However, the existing literature suggests that dynamic effects are quantitatively important and that static models substantially underestimate the gains from trade. This implies that by using a static trade model we underestimate the costs of Brexit. The true costs could easily be triple our reported estimates.
Reduced Form Brexit Estimates
To obtain estimates of the consequences of Brexit that incorporate dynamic effects we adopt an approach that uses existing empirical estimates of the effects of EU membership to infer the impact of leaving the EU on UK income per capita. In particular, we can decompose the question into two Suppose that after leaving the EU the UK negotiates a free trade agreement with the EU that is similar in scope to the European Free Trade Association (or simply EFTA). 17 How would this affect the UK's trade with other EU members? Baier, Bergstrand, Egger, and McLaughlin (2008) address exactly this question by estimating a gravity model of bilateral goods trade augmented with dummy variables capturing which EIAs the exporter and importer belong to. In particular, they include dummy variables for both countries belonging to the EU, both countries being in EFTA, one country being in the EU and the other in EFTA and for both countries belonging to any other EIA. They try to control for endogenous selection into the formation of EIAs by estimating the model with panel data and controlling for country-pair fixed effects meaning their estimates are identified from the variation in trade that occurs when countries join or leave EIAs.
They find robust evidence that being a member of the EU leads a country to trade significantly more with other members of the EU than if it were only a member of EFTA. Quantitatively, their estimates imply leaving the EU and joining EFTA would reduce the UK's trade with EU members 17 The EFTA has four members: Iceland, Liechtenstein, Norway, Switzerland. Iceland, Liechtenstein and Norway are also parties to the EEA Agreement with the EU.
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by 25.2%. 18 Interestingly, the magnitude of the trade fall is similar to that implied by our static structural model in the long-run.
To estimate the change in the UK's overall trade we also need to know the effect of Brexit on the UK's trade with non-EU members. Baier, Bergstrand, Egger, and McLaughlin (2008) 's estimates do not address how EU membership affects trade with countries outside of both the EU and EFTA. Structural gravity models such as that developed by Egger, Larch, Staub, and Winkelmann (2011) can be used to infer the general equilibrium effects of EIAs on trade between all country-pairs, but we are not aware of any work that applies the structural gravity methodology to estimate the effects of EU membership. Instead, we will rely on reduced form gravity model estimates of the trade diversion effects of EIAs. Studies of trade diversion offer mixed results, but fail to provide convincing evidence that joining an EIA usually leads to a reduction in trade with countries outside of the EIA. For example, Magee (2008) does not find robust evidence of significant trade diversion effects from EIAs. Therefore, while acknowledging that the trade diversion effects of EU membership are far from certain, we will proceed under the assumption that leaving the EU will not affect the UK's trade with the rest of the world.
To quantify the effect of trade on income per capita we use the estimates of Feyrer (2009). Feyrer regresses income per capita on trade using changes in the cost of shipping goods via air relative to sea as an instrument for changes in trade. Since the instrument is time varying, Feyrer is able to improve upon the cross-section estimates of Frankel and Romer (1999) by using country fixed effects to control for time invariant unobservable country characteristics that are correlated with both trade openness and income levels. He finds that the elasticity of income to trade is probably between one-half and three-quarters. In other words, a 10% increase in trade raises income by 5% to 7.5%. Feyrer (2009)'s estimation strategy is likely to capture both the direct effect of trade on income per capita as well as other indirect income effects of increased proximity between countries, such as changes in FDI and knowledge diffusion. Thus, the estimates we obtain in this section should be interpreted as capturing some of the non-trade channels through which leaving the EU 18 This figure is calculated using the estimates in their Egger, and McLaughlin (2008) note that their "EEA" dummy variable is defined equal to one for a country pair when one country is in EFTA and the other country belongs to the EU. Baier, Bergstrand, Egger, and McLaughlin (2008) do not estimate the effects of EEA membership on trade, probably because the EEA was only established in 1994 and they use data from 1960-2000. will affect the UK in addition to the direct effect of changes in the UK's trade. 19 Using these numbers we can obtain a reduced form estimate of the effect of leaving the EU and joining EFTA on UK income per capita. Since approximately half of the UK's trade is with the EU (Office for National Statistics, 2016), a 25.2% fall in trade with EU members would reduce the UK's overall trade by 12.6% if there was no change in trade with non-EU countries. Combining this decline with the estimates of Feyrer (2009) implies that leaving the EU and joining EFTA would reduce the UK's income per capita by between 6.3% and 9.4%. Interestingly, these estimates are similar to the findings of Crafts (2016) Under the assumptions that there is no trade diversion and the elasticity of income per capita to trade is between 0.5 and 0.75 as estimated by Feyrer (2009) , these results imply the Norway option would reduce UK income per capita by between 3.3% and 4.9%, the FTA option would lead 19 Feyrer (2011) estimates an elasticity of income per capita to trade of around 0.25 using the 1967-75 closure of the Suez canal as an instrument for changes in trade. This lower estimate is less likely to include indirect effects of greater proximity, but since the closure of the Suez canal was temporary it is less useful for our purposes because it does not represent the long-run effects of changes in trade.
20 The estimated effect of EU membership on trade also varies across different specifications in Baier, Bergstrand, Egger, and McLaughlin (2008) . Using the estimates in Table 5 , column 1 implies leaving the EU and joining EFTA would reduce the UK's trade with EU members by (e 0.19 − e 0.65 )/e 0.65 = 36.9% which implies a decline in UK income per capita of between 9.2% and 13.8%. By using the estimates in Table 6 , column 1 we obtain a more conservative estimate of the costs of Brexit.
21 These numbers are calculated using the estimates in Table 6 of Mulabdic, Osnago, and Ruta (2017) together with the fact that in 2014 goods made up 72% UK-EU trade and services 28% (Office for National Statistics, 2016). 25 to a 10.2% to 15.3% decline and the WTO option would cut UK income per capita by between 13.3% and 20.0%. Although the magnitude of the losses varies considerably across scenarios it is clear that Brexit is likely to lead to a substantial decline in the UK's income per capita and, as our quantitative estimates also showed, remaining in the Single Market by joining the EEA would minimise the costs of Brexit, while reverting to WTO trade relations is the worst case scenario. 22 The reduced form approach adopted in this section has two principal advantages over the structural approach used earlier in the paper. The disadvantage of the reduced form approach is that it relies on the existence of unbiased empirical estimates of the effect of EU membership on trade and the effect of trade on income per capita. While we have based our calculations on estimates obtained using best practice empirical methodologies, sampling error and identification challenges inevitably mean that some degree of uncertainty must be attached to the estimates. Of course, the estimates could understate as well as overstate the magnitude. Overall, the calculations in this section could be viewed as a robustness check on the plausibility of the predictions obtained from the quantitative trade model. They suggest that the effects of leaving the EU are higher than those obtained from the quantitative trade model, but they reinforce the conclusion that leaving the EU is likely to have a sizeable negative net impact on UK welfare.
Foreign Direct Investment
Our quantitative model of sections 3 through 5 does not include FDI. This is one reason that explains why our reduced form estimates of the impact of Brexit on the UK economy are much larger than our estimates from the structural trade model. The UK is a major recipient of FDI with an estimated FDI stock of over £1 trillion, about half of which is from other members of 22 When considering the reduced form and quantitative estimates note that the results are not directly comparable because the outcome variable differs slightly between the two alternatives. The reduced form approach estimates long-run changes in income per capita, while the quantitative estimates focus on changes in a consumption-equivalent measure of welfare. Our reduced form estimates also do not incorporate any changes in fiscal transfers between the UK and the EU. Countries generally welcome FDI as it tends to raise productivity, which increases output and wages. FDI brings direct benefits as foreign firms are typically more productive and pay higher wages than domestic firms. But FDI also brings indirect benefits as the new technological and managerial know-how in foreign firms can be adopted by domestic firms, often through multinationals' supply chain (Harrison and Rodríguez-Clare, 2010) . FDI can also increase competitive pressure, which forces managers to improve their performance. Bloom, Sadun, and Van Reenen (2012) find that multinationals boost productivity in UK establishments through enhanced technologies and management practices. On top of this direct effect, Haskel, Pereira, and Slaughter (2007) find that there are foreign investment 'spillovers' to other, UK-owned firms in the same industry.
There are at least three reasons why FDI in the UK may fall following Brexit. First, being in the Single Market makes the UK an attractive export platform for multinationals as they do not bear potentially large costs from tariff and non-tariff barriers when exporting to the rest of the EU. Second, multinationals have complex supply chains and many co-ordination costs between their headquarters and local branches. These would become more difficult to manage if the UK left the Single Market. For example, component parts would be subject to different regulations and costs and intra-firm staff transfers would become more difficult with tougher migration controls.
Third, uncertainty over future trade arrangements between the UK and the EU would also tend to dampen FDI.
To provide some evidence on how Brexit may affect FDI in the UK we next review empirical work that estimates the impact of EU membership on FDI. We first examine estimates of EU membership on country-level FDI flows and then discuss a sector-level study that uses very fine investment data to capture the various channels through which Brexit would impact car production in the UK. The data show that there is always a statistically significant positive effect of being in the EU on inward FDI. The magnitude ranges from a 14% to 38% increase in FDI across specifications, with an average increase of 28% for the three main methods. This implies Brexit is likely to reduce future FDI inflows to the UK by about 22%. 23
Country-level FDI and Brexit
These estimates are consistent with those in Campos and Coricelli (2015), who find a positive impact of 25% to 30% on FDI flows from EU membership using an alternative method that compares the evolution of FDI in the UK with FDI in a set of matched control countries. Similarly, Straathof, Linders, Lejour, and Mohlmann (2008) find that EU membership increases inward FDI stocks by 14% from non-EU countries and by 28% from other EU members (using a gravity model but with earlier data). Being a member of EFTA like Switzerland does not seem to restore the FDI benefits of being in the EU. In fact, Bruno, Campos, Estrin, and Tian (2016) find no statistical difference between being in EFTA compared with being completely outside the EU like the US or Japan.
How would reduced FDI from exiting the EU affect UK incomes? To answer this question we can draw on the work of Alfaro, Chanda, Kalemli-Ozcan, and Sayek (2004) who estimate the effect of changes in FDI on growth rates across 73 countries. They find that increases in FDI have a large positive impact on GDP growth, especially for countries like the UK that have a highly developed financial sector. take a very conservative approach and assume a scenario where the Brexit-induced fall in FDI lasts only for 10 years and then reverts to its current level. Using the average of the estimates for the FDI fall combined with Alfaro et al's estimates implies a fall in real income of about 3.4%. Looking at the wider range of estimates, incomes would fall by between 1.8% and 4.3%. The magnitude of our FDI effect on income, of 3.4%, is larger than our estimates of the losses from trade (between 1.3% and 2.7%).
Using earlier data, Pain and Young (2004) find a similar estimate that EU membership added 2.25% to UK GDP via FDI. As FDI into the UK has grown over time, we find that this channel is becoming more important for income.
Sector-level FDI flows and EU membership
The country-level analysis above is useful for a bird's-eye view of the impact of Brexit on national income via lower FDI. Firm-level studies will tend to underestimate the positive impact of FDI as they focus on the productivity of the foreign firm itself or can examine only a limited number of mechanisms for the FDI spillovers (for example, firms who are in the same industry as the multinational or are suppliers or customers). Nevertheless, identifying the causal effects of FDI on economy-wide productivity is intrinsically very difficult and our estimates are subject to considerably more uncertainty than the impact of Brexit on FDI (or trade) itself.
So, to obtain a more granular view, we discuss Head and Mayer (2015) which focuses on the car industry that has very rich data on the investment decisions of multinationals. The UK is the world's fourth largest producer and KPMG (2014) argues that 'much of the recent investment by car manufacturers is in new vehicles which will be predominantly for sale to the EU market.' To estimate how Brexit would impact the car industry in the UK, Head and Mayer model Brexit as an increase in the costs of shipping cars between the UK and the EU (due to non-tariff and possibly tariff barriers), and as an increase in the co-ordination costs between headquarters and the local production plants (due to migration controls that make transfer of key staff within the firm harder or due to different regulatory standards across plants).
Head and Mayer extend the structural gravity model of trade to the decisions of multinationals over where to base their production. Using information on the assembly and sales locations of 1,775 car models across 184 brands, they model how firms decide where to locate their production for each market -for example, why BMW chooses to produce Minis in the UK when selling to France.
They estimate that total UK car production would fall by 12% or almost 180,000 cars per year if Brexit increases both trade costs and coordination costs. This is mainly because European car manufacturers such as BMW would move some production away from the UK. Prices faced by UK consumers would also rise by 2.55% as the cost of imported cars and their components increase.
In a more optimistic scenario, Head and Mayer assume that the UK faces no trade barriers on cars and car components with the rest of the EU (for example, it joins EFTA and keeps equivalent regulations). When Brexit only increases headquarters co-ordination costs, total car production in the UK still falls by 2.4% and prices remain stable.
In short, the detailed model in Head and Mayer confirms the macroeconomic and survey evidence that Brexit will reduce foreign investment coming into the UK, leading to a fall in economic activity.
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We therefore conclude that one of the reasons our reduced form estimates for the impact of Brexit on the UK economy are bigger than the estimates from the quantitative trade model is because they capture the channel of reduced investment, which is correlated with trade flows.
Distributional Effects
Our results imply Brexit is likely to have a negative aggregate effect on UK living standards. But changes in trade can also have distributional consequences and it is theoretically possible that some households could be unaffected, or even gain following Brexit. If EU membership has increased income and wealth inequality in the UK, then Brexit may benefit poorer households. We adopt several approaches to shed light on the distributional aspects of Brexit. First, we review the evidence on the effects of EU immigration on the UK economy, since it is often argued that immigration is one of the main channels through which EU membership has harmed low income UK households.
Second, we extend our quantitative trade model to see how the implied price effects of Brexit affect households with different levels of income. Third, we discuss the potential effects of UK-EU trade on the wage distribution. All these approaches suggest that the costs of Brexit are likely to be shared rather evenly across income groups -there is certainly no evidence that the poor will in any way avoid the Brexit shock.
Immigration
Immigration was a major feature of the Brexit debate. Members of the Single Market must allow free movement of people with other members. The UK experienced a large increase in EU immigration after the accession of several Eastern European countries in 2004. Over the 1995 to 2015 period the number of EU nationals living in the UK more than tripled from 0.9 million to 3.3 million.
The UK labour market is the most lightly regulated in Europe according to OECD indicators and seemed to absorb the immigrant wave without obvious negative effects. In 2016 the employment rate of around 74% was a record high. Unlike the US median real wages grew at a healthy pace between 1979 and 2007, but fell by over 8% in the 6 years following the global financial crisis.
Although this aggregate fall had little or nothing to do with EU immigration, which was rising in the years before the crisis and continued to rise after 2008, many people linked the two trends, blaming immigrants for falling pay.
Even if EU immigration had little effect on aggregate unemployment or wages, could it have had effects on inequality? Compared to the British born, EU immigrants are better educated, which would suggest if anything they would put more downward pressure on higher wage workers. 24 There is a huge amount of research examining the effect of immigration on jobs and wages. The UK work is summarized in Wadsworth (2015) but see also Portes (2016) , Centre for European Reform (2016) and Dustmann, Fabbri, and Preston (2005) . The conclusion of this body of empirical research is that the large increase in EU immigration to the UK has not harmed the job and wage prospects of UK born workers. Most papers find zero effects on all groups of UK born workers, but even those papers uncovering significant negative or positive effects find that these are small in magnitude. The only case where some stronger negative effects have been identified is for the effects of immigrants on earlier waves of immigrants (see Manacorda, Manning, and Wadsworth, 2011) . For inequality we need to look at the labour market outcomes of the less skilled. Figure 5 implements the same approach as the previous figure but uses the wages of low educated workers as an outcome on the vertical axis. Again there is no relationship between the increase of EU immigration and average wages of the less skilled. The same is true for employment rates (see Wadsworth, Dhingra, Ottaviano, and Van Reenen, 2016) .
This type of local area analysis misses out on nationwide general equilibrium effects. There is also work examining the macro-economic impact of immigration to the UK which tends to find positive general equilibrium effects on productivity (e.g. Boubtane, Dumont, and Rault, 2015; Ottaviano, Peri, and Wright, 2016) . This implies reductions in immigration will add to the cost of Brexit.
Overall, our view is that there is overwhelming evidence immigration from the EU has not had strongly negative effects on the level or distribution of income in the UK.
Distributional Effects through Prices
To look at the effects on inequality of price changes following Brexit, we augment our static approach of sections 3 through 5 to allow for heterogeneity in the consumption bundles of different households (see Breinlich, Dhingra, Sampson, and Van Reenen, 2016 , for more details of this exercise).
Since the model allows for 31 different industries, we can track for each of the counterfactual simulations the implied changes in prices at the industry level. These price changes will have different effects on individuals depending on their consumption bundles. Since the 31 sectors include business-to-business sales (intermediate inputs), which consumers do not directly purchase, we focus on final goods and service price changes.
Groups that consume a substantial share of tradable products are predicted to see the largest price increases. Prices would rise most for transport (4% optimistic to 7.5% pessimistic), alcohol (4% to 7% ), food (3% to 5% ) and clothing (2% to 4%). By contrast, service sectors such as education or hotels and restaurants would be less affected because they rely more on non-tradable local inputs. Figure 6 shows welfare effects for ten income groups, from the poorest 10% to the richest 10% of household income using expenditure data from the ONS Living Costs and Food Survey 2012.
There are substantial differences in how groups choose to spend their money as indicated by their expenditure shares across product groups. For example, the poorest 10% of households spend 16% of their income on Food and non-alcoholic drinks, whereas the richest 10% of households only spend around 8% on this category. This reflects the well-known fact that poorer consumers need to spend a larger proportion of their income on essentials. By contrast, low-income households spend only 7% on Transport, which includes the purchase of vehicles as well as transport services such as rail and air travel; the richest 10% of households spend 16% of their income on transport. Figure 6 summarises the effect of the price changes following Brexit on the real incomes of the different household groups. In both scenarios it seems that the drops are reasonably even across the income distribution with all deciles suffering significant losses. It is certainly not the richest 10% who do a lot worse. Households in the middle income groups are hit slightly harder than those at the extremes.
In summary, it seems that losses of real expenditure are shared relatively evenly across the income distribution. They are certainly not borne disproportionately by the rich. Moreover, recall that these calculations ignore any dynamic effects of Brexit which will increase the consumption losses across households of all types.
Distributional Effects through Wages
The calculations in the previous section focused on the distributional effects of Brexit resulting from variation in the composition of expenditure, assuming nominal wage changes are proportional across income groups. This seems to be a reasonable assumption. The changes in prices across sectors predicted by our model are only weakly correlated with average earnings across sectors (see Breinlich, Dhingra, Sampson, and Van Reenen, 2016) . If anything, high-wage sectors are predicted to see larger price increases on average after Brexit, implying that the wages of the better paid may rise relative to the low-paid . This is unsurprising. The EU is a relatively rich, highly skilled bloc much like the UK. Changing trade barriers with countries whose factor endowments are very different from the UK, like China 25 or India, could affect relative wages through Heckscher-Ohlin effects, but this channel is unlikely to be important for UK-EU trade (also see Helpman, 2016 , for a recent assessment suggesting that the overall impact of trade on inequality is not quantitatively large).
Another approach to assessing the relative wage effects of Brexit is to build on Costinot and Rodríguez-Clare (2014) who extend the single factor production function used in our quantitative trade model to include both skilled and unskilled labour and show that for the US moving to autarky has basically no effect on wage inequality. Performing a similar calculation for the UK using our WIOD data shows that moving to autarky reduces the real wage of skilled workers by 22.9% and the real wage of unskilled workers by 21.3%. This suggests that changes in inequality 25 Autor, Dorn, and Hanson (2016) suggest substantial negative effects on inequality due to China. Pessoa (2016) also finds earnings losses for less skilled worked, even though welfare as a whole rises from the China shock.
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are an order of magnitude smaller than aggregate welfare changes.
Summary on Distributional Effects
In this section we have examined how the negative average impact of Brexit plays out across different points on the income distribution by analysing immigration, prices and wages. We find that the economic pain of Brexit is not just concentrated on the elites but democratically shared out across people of all household incomes.
Conclusions
This paper estimates how Brexit will affect the UK economy, focusing on the consequences of It is likely that these static estimates understate the true costs of Brexit, as they do not account for the dynamic effects of trade on productivity or for the effects of Brexit on FDI and immigration.
Employing an alternative reduced form approach that attempts to capture these missing effects by using empirical estimates of the effects of EU membership on trade and income implies that leaving the EU and joining EFTA would reduce UK income per capita by between 6.3% and 9.4%. We argue that falling FDI into the UK following Brexit (which is absent from the static model but implicitly captured by the dynamic model) explains some of the differences in the magnitude of the losses.
Our results show that the economic consequences of leaving the EU will depend upon the future of UK-EU trade relations. But in all our scenarios we find that lower trade due to reduced integration with EU countries is likely to cost the UK economy far more than is gained from lower contributions to the EU budget. Furthermore, these losses in welfare are shared relatively evenly across the income distribution. It is certainly not the case that the pain of Brexit will be born solely by the better off.
A contribution of the paper is to see how alternative methodologies and assumptions generate different estimates of the costs and benefits of Brexit. We do not regard any single number as definitely "right" or "wrong". The exact magnitude of the effects will depend on the analyst's confidence in static trade theory based on structural work (where Brexit's harm is smaller in magnitude) compared to more empirically based reduced form work (where we uncover larger negative effects). What we have consistently found, however, is that UK citizens will pay an economic price for Brexit regardless of method or assumption. Moreover, these costs will be significantly higher in the case of a hard Brexit than a soft Brexit.
It may be that UK voters were aware of such costs and rationally chose to trade them off against the perceived non-economic benefits of Brexit (e.g. greater sovereignty and lower immigration).
Survey evidence, however, suggests that most British voters did not believe that they would suffer any economic loss from Brexit 26 . Brexit has not yet happened. Our work suggests that when it does the average voter will suffer. Table provides non-tariff costs (in tariff equivalent terms) of trade flows from the US to the EU+ (column 1). It also provides the share of costs that are potentially reducible (column 2). In our counterfactuals we assume either (i) that after Brexit the UK faces 1/4 of the reducible costs of the US (optimistic scenario) or (ii) that after the exit the UK faces 3/4 of the reducible costs seen by the US (pessimistic scenario). We then use total EU trade as weights (column 3) to compute a weighted average of these costs and apply to all sectors in all our counterfactuals. EU is defined as EU 28 minus the UK. EU+ includes the UK. Total trade in column (3) is the sum of all imports from the rest of the EU to the UK plus all exports from the UK to the EU (in millions of US dollars). The overall weighted averages in the final row use column (3) numbers as weights.
(*) Includes 'Repair of Household Goods' Notes: Counterfactuals changes in welfare, measured by consumption equivalent as specified by equation (5) with ρ = 0.96. Fiscal benefit information comes from HM Treasury (2013). EU is defined as EU 28 minus the UK and Croatia. Panel A shows an optimistic scenario where UK could negotiate a deal like Norway and tariffs remain zero. But non-tariff barriers increase to 1/4th of the reducible barriers faced by US exporters to the EU (2.77% increase). Further, the UK does not benefit from further integration of EU where non-tariff barriers will fall 20% faster than in the rest of the world (5.63% lower in 10 years). For the fiscal effect,we assume that UK could save 17% from the fiscal contribution to the EU (same as Norway) which is 0.09% of UK GDP. Panel B shows a pessimistic scenario where the UK and EU impose MFN tariffs on each other (see Table 1 ). Non-tariff barriers increase to 3/4th of the reducible barriers faced by US exporters to the EU (8.31% increase). Further, the UK is excluded from further integration of EU where non-tariff barriers will fall 40% faster than in the rest of the world (12.65% lower in 10 years). For the fiscal effect, we assume that the UK saves more on fiscal contribution to EU budget which is 0.31% of UK GDP. Table 4 : Decomposition of the "Trade Effects" shown in Table 3 Optimistic Scenario Pessimistic Scenario Rise in UK-EU Tariff -0.13% Rise in UK-EU NTB -0.53% -1.31% No Future EU Integration -0.90% -1.61%
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Notes: Decomposition of the "Trade Effects" shown in Table 3 . Counterfactuals changes in welfare, measured by consumption equivalent as specified by equation (5) with ρ = 0.96. The numbers presented here do not sum up exactly to the ones observed in Table 3 because we are now performing three different counterfactual exercises (per scenario) instead of only one. EU is defined as EU 28 minus the UK and Croatia. Column 2, row 1, shows an optimistic scenario where UK could negotiate a deal like Norway and tariffs remain zero. In column 2, row 2, non-tariff barriers increase to 1/4th of the reducible barriers faced by US exporters to the EU (2.77% increase). In column 2, row 3, the UK does not benefit from further integration of EU where non-tariff barriers will fall 20% faster than in the rest of the world (5.63% lower in 10 years). Column 3, row 1, shows a pessimistic scenario where the UK and EU impose MFN tariffs on each other (see Table  1 ). In column 3, row 2, non-tariff barriers increase to 3/4th of the reducible barriers faced by US exporters to the EU (8.31% increase). In column 3, row 3, the UK is excluded from further integration of EU where non-tariff barriers will fall 40% faster than in the rest of the world (12.65% lower in 10 years). Notes: short run horizon is 1 year after Brexit and long run horizon is 10 years after Brexit. Notes: Same assumptions as in Pessimistic and Optimistic scenario in Table 3 . The welfare loss of the EU countries except UK and non-EU countries are the weighted average of individual country's loss. The weight is given by GDP from IMF in £2014 https://www.imf.org/external/pubs/ft/weo/2014/02/weodata/index. aspx. Notes: Panel A shows the results of the Swiss Alternative. Under such a scenario, the UK and EU still impose zero tariffs on goods flows. But unlike the optimistic scenario, the UK net fiscal contribution to EU would be lower but the non-tariff barriers would be higher for services. To be precise, we assume the non-tariff trade barriers for goods would be the same as the optimistic scenario and the non-tariff trade barriers for services would be the same as the pessimistic scenario. Further, the UK saves 60% of the current fiscal transfer of 0.53% of GDP. In the Big Bang scenario, UK and EU trade is subjected to MFN tariff. Non-tariff barriers increase to the full reducible barriers faced by US exporters to the EU (11.08%). Integration within the EU continue to be 40% faster than in the rest of world and 100% of the reducible price gaps could be reduced. Such integration happens right during the year of Brexit instead of taking 10 years. It leads to a reduction of non-tariff barriers among EU countries by 15.72%. Panel B shows the results of UK unilaterally liberalizing to all other countries. That is the UK imposes zero tariffs on all imported goods. The tariffs between UK and non-EU countries are shown in Table A .2. Panel C shows the welfare results for the optimistic and pessimistic scenario as we specified in Table 3 . We first change the discount factor ρ from 0.96 to 0.99. Table 3 . We assume that the other EU countries have to fill the budget hole left by the UK proportionally to their GDP. This brings them a net fiscal loss of 0.015% in the optimistic case and 0.051% in the pessimistic case. The list of countries can be found in Source: Breinlich, , Labour Force Survey. Notes: Predicted real income losses based on the present model, as calculated by Breinlich, Dhingra, . See Table A2 in their paper in the Annex for the exact percentage changes for each income decile. Note: Tariff used in the case of UK unilaterally liberalisation. Actual applied MFN tariff for HS6 industries are aggregated to WIOD sectors using the trade between UK and non-EU countries as weights. In other words we use the total imports to the UK from non-EU countries at the HS6 level to weight the import tariffs and the total exports from the UK to non-EU countries at the HS6 level to weight the export tariffs. where d controls the speed of decaying. Then at period t, the change in the reducible trade cost is given by:
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For example, the reduction in the reducible trade costs is Δτ R 10 = τ R 0 − τ Assuming that faster EU integration peters out in 10 years after Brexit(d = 0 after year 10) as explained in our main text, using the formulas above, we could find out the whole sequence of τ t to be fed into our model.
